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The invention relates to a circuit arrangement for operating a lamp load 

comprising 

- input terminals for connection to a supply voltage source, 

- a series arrangement I comprising a first switching element and a second switching 
5 element and connecting the input terminals, 

- a control circuit coupled to respective control electrodes of the first switching element 
and the second switching element for controlling the conductive state of the first and the 
second switching element, 

- a series arrangement II comprising a first circuit element A and a second circuit element 
10 B and connecting the input terminals, 

- a first load circuit comprising a first ballast inductor and first lamp connection terminals 
and connecting a terminal Nl of the series arrangement I between the switching elements 
to a terminal of the series arrangement II between the first circuit element A and the 
second circuit element B. 

15 

Such a circuit arrangement is a DC-AC-converter of the bridge type and is 
often used for the operation of both high pressure discharge lamps as well as low pressure 
discharge lamps. The circuit arrangement can be a full bridge or a half bridge. A half bridge 
comprises only two switching elements, since the first circuit element A and the second 

20 circuit element B are both formed by capacitors. A full bridge, however, comprises four 
switching elements, since the first circuit element A and the second circuit element B are 
formed by a third and fourth switching element. In a fixll bridge the control circuit is more 
complicated than in a half bridge since the conductive state of four switching elements 
instead of only two switching elements needs to be controlled. During operation the 

25 amplitude of the voltage across the load circuit(s) in a full bridge is twice as high as it is in a 
half bridge powered by the same supply voltage source. As a consequence a full bridge can 
be used to operate two lamps in series so that each of the lamps carries the same current. In 
case the lamps have approximately the same lamp voltage, as is usually the case for low 
pressure discharge lamps, the lamps will approximately consume the same amount of power 
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and have approximately the same light output. In case of high pressure discharge lamps, 
however, the lamp voltage depends strongly on the age of the lamp (age = number of burning 
hours). As a consequence the light outputs of two high pressure lamps operated in series can 
differ substantially when the lamps have a different age. The voltage across the load circuit of 
a half bridge powered by the same supply voltage source will generally not be high enough to 
operate such a series arrangement of lamps. A disadvantage of the full bridge is that, because 
of the two additional switches and the more complicated control circuit, it is more expensive 
than a half bridge. As an alternative for of operating two lamps in series in a full bridge, two 
load circuits comprising a lamp and a ballast inductor each, can be connected in parallel in a 
half bridge. In case the lamps are low pressure mercury lamps that are operated with a high 
frequency lamp current, the lamp currents can be controlled at substantially equal values by 
making use of an equalizer transformer. However, such a transformer is an expensive 
component. In case the lamps are high pressure lamps operated by a low frequency AC 
current, an equalizer transformer cannot be used to control the lamp currents since the low 
frequency would demand a very big transformer. Nevertheless, in case no equalizer 
transformer is used, a difference in lamp voltage between the lamps will in practice often 
result in substantial differences in the amounts of power supplied to the lamps. 

The invention aims to provide a circuit arrangement that is capable of 
operating two lamps in parallel in such a way that the difference in power consumed by the 
lamps is comparatively small. 

A circuit arrangement as described in the opening paragraph is therefore 
characterized in that the circuit arrangement comprises 

- a series arrangement III comprising terminal Nl, a first diode Dl and a second diode D2 
and connecting the first switching element and the second switching element, terminal Nl 
being situated between first diode Dl and second diode D2, 

- a series arrangement IV comprising a third diode D3 and a fourth diode D4 and 
connecting the first switching element and the second switching element, 

- a fifth diode D5 shunting the first switching element and diode Dl, 

- a sixth diode D6 shunting the first switching element and diode D3, 

- a seventh diode D7 shunting the second switching element and diode D2, 

- an eighth diode D8 shunting the second switching element and diode D4, 

- a second load circuit comprising a second ballast inductor and second lamp connection 
terminals and connecting a terminal N2 of the series arrangement IV, situated between 
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the third diode D3 and the fourth diode D4 to a terminal of the series arrangement H 
between the first circuit element A and the second circuit element B. 

When a conducting switching element in a circuit arrangement according to 
the invention is rendered non-conductive the ballast conductors in the first and second load 
circuit cause the currents in the load circuits to maintain their polarity for a short time lapse, 
while their amplitude is decreasing. During this time lapse the load circuit currents are 
conducted by part of the diodes D5-D8, forming "free wheel diodes". In a circuit 
arrangement according to the invention the current in each of the load circuits, immediately 
after a switching element has been rendered non-conductive, is flowing through a different 
"free wheel diode". As a consequence the two lamps are operated independently. It has been 
found that because of this independent operation a difference in lamp voltage, does not cause 
a substantial difference between the amounts of power consumed by the lamps. 

It be remarked at this stage that a circuit arrangement according to the 
invention can be rendered suitable for the operation of more than two lamps in parallel. For 
each additional lamp four more diodes and an additional load circuit have to be implemented 
in the circuit arrangement. For instance operation of three lamps in parallel can be realized as 
follows. The circuit arrangement is equipped with a further series arrangement V connecting 
the first and the second switching element and comprising two further diodes. Two additional 
diodes each shunt a further diode and one of the switching elements and a third load circuit 
comprising a third ballast inductor and third lamp connection terminals connects a terminal 
between the further diodes to a terminal between the first circuit element A and the second 
circuit element B. 

Good results have been obtained for embodiments of a circuit arrangement 
according to the invention, wherein the first circuit element A and the second circuit element 
B each comprise a capacitor. Such embodiments are half bridge circuits, that are 
comparatively cheap. It has been found more in particular that such embodiments are very 
suitable for operating high pressure discharge lamps in parallel in case the control circuit is 
equipped with means for alternately at a low frequency operating the circuit arrangement in a 
first and a second operating state, wherein in the first operating state the first switching 
element is rendered conductive and non-conductive at a high frequency while the second 
switching element is maintained in a non-conductive state, and wherein in the second 
operating state the second switching element is rendered conductive and non-conductive at a 
high frequency while the first switching element is maintained in a non-conductive state. This 
mode of operation is commonly referred to as "commutating forward". Preferably the circuit 
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arrangement is equipped with a power control loop for controlling the average value of the 
total power consumed by both lamps at a desired value by adjusting the time lapse during 
which the first switching element is rendered conductive during each high frequency period 
in the first operating state and during which the second switching element is rendered 
conductive during each high frequency period in the second operating state. Such a power 
control loop compensates for tolerances in the components of the circuit arrangement. 

Good results have also been obtained for embodiments of a circuit 
arrangement according to the invention, wherein the first circuit element comprises a third 
switching element and the second circuit element comprises a fourth switching element, the 
control circuit being coupled to respective control electrodes of the third switching element 
and the fourth switching element for controlling the conductive state of the third and the 
fourth switching element. Such embodiments are full bridge circuits that allow the 
independent operation of lamps with a high lamp voltage in parallel or alternatively the 
operation of two or more series arrangements of lamps (with a similar lamp voltage) in 
parallel. Also for these embodiments of a circuit arrangement according to the invention it 
has been found that they are particularly suitable for operating high pressure discharge lamps 
in parallel in case the control circuit is equipped with means for alternately at a low 
frequency operating the circuit arrangement in a first or a second operating state, wherein in 
the first operating state the second and the third switching elements are maintained non- 
conductive while the fourth switching element is maintained conductive and the first 
switching element is rendered conductive and non-conductive at a high frequency, and 
wherein in the second operating state the third switching element is maintained conductive 
while the second switching element is rendered conductive and non-conductive at a high 
frequency and the first and the fourth switching elements are maintained non-conductive. 
Also in these embodiments it is desirable that the circuit arrangement is equipped with a 
power control loop to compensate for tolerances in the components of the circuit 
arrangement. 

Embodiments of a circuit arrangement according to the present invention will 
be further explained making reference to a drawing. In the drawing: 

Fig. 1 shows a first embodiment of a circuit arrangement according to the 
invention with two lamps connected to it, and 

Fig. 2 shows a second embodiment of a circuit arrangement according to the 
invention with two lamps connected to it. 
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In Fig. 1, Kl and K2 are input tenninals for connection to a supply voltage 
source. Input terminals Kl and K2 are connected by means of a series arrangement of first 
switching element Tl, diode Dl, terminal Nl, diode D2 and switching element T2. Diodes 
5 Dl and D2 respectively form a first and a second diode. Diodes Dl and D2 together with 
terminal Nl form a series arrangement m connecting the first and the second switching 
element. Series arrangement III is shunted by a series arrangement of diode D3, terminal N2 
and diode D4. Diodes D3 and D4 respectively form a third and a fourth diode. Diodes D3 and 
D4 together with terminal N2 form a series arrangement IV connecting the first and the 
10 second switching element. The first switching element Tl, the second switching element T2 
and the parallel arrangement of series arrangements III and IV together form a series 
arrangement I. The series arrangement of diode Dl and first switching element Tl is shunted 
by diode D5 that forms a fifth diode. The series arrangement of diode D3 and first switching 
element Tl is shunted by diode D6 that forms a sixth diode. The series arrangement of diode 
15 D2 and second switching element T2 is shunted by diode D7 that forms a seventh diode. The 
series arrangement of diode D4 and second switching element T2 is shunted by diode D8 that 
forms an eighth diode. Respective control electrodes of the first and the second switching 
elements are coupled to output terminals of a circuit part GC. In Fig. 1 this coupling is 
indicated by means of dotted lines. Circuit part CC is a control circuit for controlling the 
20 conductive state of the first and second switching element. Input terminals of control circuit 
CC are also coupled to the diodes D5-D8 to enable the control circuit CC to monitor which of 
the diodes D5-D8 are (is) carrying a current and which diodes are non-conducting. This 
coupling has not been indicated in Fig. 1, to avoid Fig. 1 becoming unclear because of a 
plurality of dotted lines. Input terminals Kl and K2 are also connected by means of a series 
25 arrangement of capacitors C3 and C4. Capacitors C3 and C4 respectively form a first circuit 
element A and a second circuit element B. Terminal Nl is connected to a common terminal 
of capacitors C3 and C4 by means of a series arrangement of a first ballast inductor LI, first 
lamp connection terminal K3, high pressure discharge lamp LAI and first lamp connection 
terminal K4. The first lamp connection terminals K3 and K4 are connected by means of a 
30 filter capacitor CI. First ballast inductor LI, first lamp connection terminals K3 and K4, high 
pressure discharge lamp LAI and filter capacitor CI together form a first load circuit. 
Terminal N2 is connected to a common terminal of capacitors C3 and C4 by means of a 
series arrangement of a second ballast inductor L2, second lamp connection terminal K5, 
high pressure discharge lamp LA2 and second lamp connection terminal K6. The second 
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lamp connection terminals K5 and K6 are connected by means of a filter capacitor C2. 
Second ballast inductor L2, second lamp connection terminals K5 and K6, high pressure 
discharge lamp LA2 and filter capacitor C2 together form a second load circuit. 

The operation of the circuit arrangement shown in Fig. 1 is as follows. 
In case input terminals Kl and K2 are connected to a supply voltage source supplying a DC 
supply voltage, the control circuit CC alternately and at a low frequency operates the circuit 
arrangement in a first and a second operating state. During the first operating state the first 
switching element Tl is rendered conductive and non-conductive at a high frequency, while 
the second switching element T2 is maintained in a non-conductive state. When the first 
switching element Tl is conductive the current through the first ballast inductor increases 
linearly with the time. Similarly the current through the second ballast inductor also increases 
linearly with the time, However, since LAI and LA2 are both high pressure lamps their lamp 
voltages may differ considerably for instance because of a difference in age (age = total 
number of burning hours). In case for instance lamp LAI has a much lower lamp voltage 
than lamp LA2, this causes the current through the first ballast inductor LI to increase faster 
than the current through the second ballast inductor L2. As a consequence, the amplitude of 
the current through first ballast inductor LI has a higher amplitude than the current through 
the second ballast inductor L2, when the first switching element is rendered non-conductive. 
After the first switching element Tl has been rendered non-conductive, diode D7 conducts 
the current through the first ballast inductor LI and diode D8 conducts the current through 
the second ballast inductor L2. The polarity of the currents through the first and the second 
ballast inductors LI and L2 is maintained, but their amplitudes decrease linearly. Since the 
amplitude of the current through the second ballast inductor was smaller than that of the 
current through the first ballast inductor, at the time the first switching element Tl was 
rendered non-conductive, the amplitude of the current through the second ballast inductor 
will drop to zero first and diode D8 will become non-conductive while diode D7 still 
conducts. Although some dampened ringing will take place due to the presence of parasitic 
capacitances, the amplitude of the current through the second ballast inductor is substantially 
maintained equal to zero until the current through the first ballast inductor reaches zero too so 
that also diode D7 stops conducting. When the currents through diode D7 and diode D8 have 
both dropped to zero, the first switching element is rendered conductive once more. This can 
be done immediately after both diodes have become non-conductive (this mode of operation 
is called critical discontinuous mode) or a predetermined time lapse after both diodes have 
become non-conductive (this mode of operation is called discontinuous mode). 
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Since in the circuit arrangement shown in Fig. 1 the time interval needed for 
the current through the first ballast inductor LI to drop to zero may be (and in practice nearly 
always will be) different from the time interval that is needed for the cuiTent through the 
second ballast inductor L2 to drop to zero, the operation of high pressure lamp LAI is 
independent from the operation of high pressure lamp LA2. It has been found that this 
independent operation of the two lamps causes the amounts of power consumed by the lamps 
to differ comparatively little, even when the lamps have substantially different lamp voltages 
because of a different age (= different number of burning hours). The current in each of the 
ballast inductors has a triangular shape. By means of the filter capacitors CI and C2, these 
triangularly shaped currents are transformed into continuous DC currents that flow through 
the lamps LAI and LA2. 

During the second operating state, the first switching element is maintained in 
a non-conductive state, while the second switching element is rendered conductive and non- 
conductive at a high frequency. When the second switching element is non-conductive, 
diodes D5 and D6 carry the current through respectively the first ballast inductor LI and the 
second ballast inductor L2. Only after diode D5 and diode D6 have both become non- 
conductive, second switching element T2 is rendered conductive again, either immediately or 
after a predetermined time lapse. Also in this second operating state, the current in each of 
the ballast inductors has a triangular shape. By means of the filter capacitors CI and C2, 
these triangularly shaped currents are transformed into continuous DC currents that flow 
through the lamps LAI and LA2. The polarity of the currents through the lamps and the 
ballast inductors is reversed with respect to the first operating state. 

In Fig. 2, circuit parts and components that correspond to similar circuit parts 
and components in the embodiment shown in Fig. 1 are labeled with the same references. 
The configuration of the embodiment shown in Fig. 2 only differs from the embodiment 
shown in Fig. 1, in that the capacitors C3 and C4 have been replaced by a third switching 
element T3 and a fourth switching element T4 respectively. In the embodiment shown in Fig. 
2, third switching element T3 and fourth switching element T4 form a first circuit element A 
and a second circuit element A respectively. Third switching element T3 and fourth 
switching element T4 together form a series arrangement II connecting the input terminals. 
Respective control electrodes of the third switching element T3 and the fourth switching 
element T4 are coupled to output terminals of the control circuit CC. In Fig. 2 this coupling is 
indicated by means of dotted lines. Respective input terminals of control circuit CC are 
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coupled to diodes D5-D8 to monitor which diodes are conducting a current and which diodes 
are non-conducting. Also in Fig. 2 these couplings are not indicated. 

The operation of the circuit arrangement shown in Fig. 2 is as follows. 
In case input terminals Kl and K2 are connected to a supply voltage source supplying a DC 
supply voltage, the control circuit CC alternately and at a low frequency operates the circuit 
arrangement in a first and a second operating state. 

In the first operating state switching elements T2 and T3 are maintained non- 
conductive while switching element T4 is maintained conductive and switching element Tl is 
rendered conductive and non-conductive at a high frequency. In the second operating state 
switching element T3 is maintained conductive while switching element T2 is rendered 
conductive and non-conductive at a high frequency and switching elements Tl and T4 are 
maintained non-conductive. Since the circuit arrangement shown in Fig. 2 is a full bridge 
circuit, the voltage that is present during operation over the load circuits is twice as high as 
the voltage present over the load circuits in the half bridge circuit shown in Fig. 1 . Otherwise, 
the operation of the embodiment shown in Fig. 2 is completely analogous to the operation of 
the circuit arrangement shown in Fig. 1. During each of the two operating states the circuit 
arrangement is operated in either the critical discontinuous mode or the discontinuous mode, 
resulting in triangularly shaped currents flowing through the ballast inductors that are 
transformed into continuous DC lamp currents by means of the filter capacitors CI and C2. 
Also in this embodiment independent lamp operation is assured in the first operating state by 
rendering switching element Tl only conductive after both diodes D7 and D8 have become 
non-conductive and in the second operating state by rendering switching element T2 only 
conductive after both diodes D5 and D6 have become non-conductive. 

It be remarked that in practice it is desirable, for the embodiment shown in 
Fig. 1 as well as for the embodiment in Fig. 2 to install a power control loop for controlling 
the average value of the total power consumed by both lamps at a desired value by adjusting 
the time lapse during which the first switching element is rendered conductive during each 
high frequency period in the first operating state and during which the second switching 
element is rendered conductive during each high frequency period in the second operating 
state. Such a power control loop as such is very well known in the art. The power control 
loop assures that the total amount of power consumed by different practical embodiments of 
the same circuit arrangement will approximately be the same although the electrical 
properties of similar components used in the different practical embodiments may differ. 



